In certain circumstances the fermentation process in dry fermented sausages converts to heterofermentation pathway leading to acetic acid and carbon dioxide beside lactic acid. The study describes two cases of undesirable heterofermentation in dry sausages from two different producers. In the sausage samples (n = 7) the pH value and the content of lactic and acetic acids were measured. Microbial analysis focused on quantitative and qualitative detection of lactic acid bacteria. The acetic acid content varied from 24.28 to 67.41 µmol·g -1 dry matter, in the case of samples from the second producer the content of acetic acid (48.45 to 67.41 µmol·g -1 dry matter) was higher than the lactic acid content (20.98 to 29.02 µmol·g -1 dry matter). The lactobacilli strains from the sausages were assigned to the corresponding species by Matrix-Assisted Laser Desorption-Ionization -Time of Flight Mass Spectrometry (MALDI-TOF MS) and classified to three groups according to the sugar fermentation pattern (obligately homofermentative, facultatively heterofermentative and obligately heterofermentative) and they caused the heterofermentation process in the samples of dry fermented sausages. The description of the case of heterofermentation process in dry sausages is unique and there is little information about this topic.
The fermentation process for the production of dry fermented sausages (DFS) is induced predominantly by lactic acid bacteria (Garriga and Aymerich 2007) . The genus Lactobacillus is applied in the European type products, in particular of the facultative heterofermentative species such as L. sakei or L. curvatus. The main contribution of lactic acid bacteria (LAB) in the manufacture of DFS resides in the fermentation of carbohydrates, i.e., in the formation of lactic acid. Lactic acid occurs as a final product in the fermentation of carbohydrates (in the case of homofermentation), whereas in heterofermentative fermentation acetic acid, ethanol, and carbon dioxide are also formed (Gounadaki et al. 2009 ). During the fermentation and ripening of DFS, the effects of lactic acid are shown on the course of pH values (decrease) and on the aroma of the products.
In certain circumstances, however, the heterofermentative process of converting carbohydrates may take place in DFS. The released acetic acid gives the products a severely sour, unpleasant smell and taste. The released carbon dioxide causes porosity on the cut surface. The affected products are practically unsaleable and must be taken out of circulation. The heterofermentative process is therefore completely undesirable for this group of meat products and must be prevented.
The aim of the present study was to describe two cases of undesirable heterofermentative fermentation in a group of DFS from two different manufacturers and highlight the features that accompany these processes.
Materials and Methods

Products analyzed
In November 2011 and June 2012, two groups of DFS were delivered to the Department of Meat Hygiene and Technology at the University of Veterinary and Pharmaceutical Sciences Brno, Czech Republic. In the first case, the delivery contained 3 samples of Paprikáš sausage (samples 1-3) of different ripening period but from a single manufacturer (manufacturer 1). Sample 1 was after 4 weeks of ripening (finished product), sample 2 after 17 days and sample 3 after 10 days from the start of production. In the second case, the delivery contained four kinds of finished product (A, B, C and D from manufacturer 2).
The reason for receiving the samples was due to a completely non-standard fermentation and ripening process; the manufacturers had repeatedly complained about pungent aroma, strongly sour to astringent taste and soft consistency. Through basic sensory examination, each of the cases presented strongly acidic aroma, soft consistency that did not correspond to the age and diameter of the submitted pieces and, last but not least, when sliced, each showed a non-standard cut surface with a mixture greatly lacking any distinctive texture. The findings of the tested samples upon their delivery lead to the carrying out of sensory analysis, physico-chemical and microbiological analyses.
Sensory analysis
The sausages were evaluated by a trained panel consisting of 4 judges selected from the staff members of the Department of Meat Hygiene and Technology. The panellists evaluated various attributes: cut surface appearance, odour, colour, consistency, texture, and taste matrix.
Physico-chemical analysis
Measurements were done in all of the samples and included the setting of pH value, the content of dry matter, lactic acid and acetic acid. The pH values were measured with a Double Pore needle probe (Hamilton, Bonaduz, Switzerland) on a 340i WTW pH-meter (WTW, Weilheim, Germany). Lactic acid (D/L) was determined using an enzymatic test kit (Megazyme, Bray, Ireland) , and the product, pyruvate, was trapped by hydrazine, whereas the NADH (reduced form of NAD) was quantified by measuring absorbance at 340 nm (Megazyme 2011a) . Acetic acid was determined using an enzymatic test kit (Megazyme) . Within the test the acetyl-coenzyme A synthetase in the presence of adenosine-5'-triphosphate and coenzyme A (CoA) converted acetic acid (acetate) into acetyl-CoA (reaction 1), with the formation of adenosine-5'-monophosphate and pyrophosphate. Citrate synthase in the presence of acetyl-CoA converted oxaloacetate into citrate (reaction 2). The oxaloacetate required in reaction 2 was formed from L-malate and nicotinamide-adenine dinucleotide (NAD+) in the presence of L-malate dehydrogenase (reaction 3). In this reaction, NAD+ was reduced to NADH. This determination was based on the formation of NADH, which was measured by the increase in absorbance at 340 nm (Megazyme 2011b) .
The amount of dry matter was determined by method of International Standard (ISO 1442). The result stated for each sample is the mean of three measurements.
Microbiological analyses
Basic processing of the samples was carried out according to the ISO 7218 (2008) Suspect isolates of lactobacilli with negative oxidase and catalase tests and isolates of aerobic spore-forming bacteria were further identified using a MALDI-TOF mass spectrometer. Isolates were prepared for MALDI-TOF MS analysis according to standard protocol (Freiwald and Sauer 2009) . Mass spectra measurements were carried out using an Ultraflex III instrument (Bruker Daltonik, Germany) operated in linear positive ion mode using FlexControl 3.0 software. Mass spectra were processed using Flex Analysis (version 3.0; Bruker Daltonik) and BioTyper software (version 3.0; Bruker Daltonik). The identification results were expressed by BioTyper log(scores) indicating the similarity of the unknown MALDI-TOF MS profile to available database entries. A BioTyper log(score) exceeding 2.3 indicates a highly probable identification at the species level. A BioTyper log(score) between 2.0 and 2.3 means a highly probable identification at the genus level and probable identification at the species level. Only isolates with a log(score) over 2.0 were taken into account.
Results
Through a basic sensory examination, each of the cases presented strongly acidic aroma, soft consistency that did not correspond to the age and diameter of the submitted pieces and, last but not least, when sliced, each showed a non-standard cut surface with a mixture greatly lacking any distinctive texture.
The results of physico-chemical analyses of sausage samples from first and second manufacturer are provided in Tables 1 and 2 , respectively.
Microbiological analysis of samples 1-3 from the first manufacturer (Table 3) were aimed primarily on the analysis of LAB. Yeast and mold were detected due to the high content of paprika and the possible transfer of these groups of micro-organisms from the spices into the meat mixture. Detection of mold and yeast, however, was negative except for sample 3, in which a low yeast content (7.0.10 2 CFU·g -1 ) was detected. In the case of samples A-D, it was indicated that raw materials of inferior quality were used by the manufacturer. The investigation was therefore focused not only on LAB, but also on the detection of aerobic spore-forming bacteria and bacteria of the family Enterobacteriaceae. As evident from Table 4 , no representatives of the family Enterobacteriaceae were found and detection of aerobic spore-forming bacteria was also low. Sample B showed evidence of the genera Bacillus subtilis, B. safensis, B. amyloliquefaciens, while sample C showed only B. safensis. The colony forming units (CFU) values in the two groups of samples from manufacturer 1 and 2 corresponded to concentrations ranging from 4.5.10 8 up to 1.10 9 CFU·g -1 .
Discussion
The fermentation process in DFS is controlled by lactic acid bacteria, whose metabolism is homofermentative under optimal conditions (Stahnke and Tjener 2007) . During this process only a small amount of acetic acid is produced, which does not affect the taste of the finished product. Fermentation causes a decrease in pH values, which are lowered from an initial 5.8-5.9 to 5.0 or less. However, a pH value of < 4.5 is already considered to be very low, with a negative impact on the taste of the product. In the case of product samples 1-3, we found a relatively large variance in pH values, even when the products were of the same sort (Paprikáš sausage). Sample 3 showed a considerably low pH value (4.32). In contrast, samples A-D had standard pH values that correspond to products of this type, such as Herkules or Poličan sausages (Kameník et al. 2012a) .
Different results are evident, however, in the content of both organic acids, i.e., lactic acid and acetic acid. While samples 1-3 contained approximately 83-110 µmol of lactic acid·g -1 of dry matter (summarily D-and L-forms), the values found in samples A-D were much lower. They varied from 30 (sample C) to 58 (sample D) µmol·g -1 of dry matter. When comparing our results with the literature data, discrepancy can be noted. For example, Girard et al. (1989) tested the effect of pork fat on the process of fermentation and drying of DFS. On day 42, all of the batches showed pH values of around 5.1; lactic acid content fluctuated between 70 and 110 μmol·g -1 of dry matter. While analyzing DFS Herkules in our laboratory, we found the highest increase of lactic acid content during the first three days of curing, when concentrations reached 239-300 µmol·g -1 of dry matter (Kameník et al. 2012b) . During further aging the content no longer increased significantly. In this respect, the resulting lactic acid in the tested samples was lower, especially in products A-D.
On the contrary, in the samples analyzed in this study, the contents of acetic acid were higher. Samples 1-3, showed values of 24-36 µmol·g -1 of dry matter, while samples A-D contained practically double those values 50-67 µmol·g -1 of dry matter. According to our previous results (Kameník et al. 2012b) , the usual finding is up to 20 µmol·g -1 of dry matter, even if some of the authors mentioned higher concentrations (Girard et al. 1989) . The content of acetic acid in DFS of standard quality, however, is usually 10-20 × lower than lactic acid concentrations. Such a ratio was, however, far from true for the samples we analyzed. In samples 1-3, the lactic acid content was only 2.8 to 4.6 × higher than the acetic acid content. In samples B-D, acetic acid concentrations were even higher than the summary content of both forms of lactic acid. Katsaras and Leistner (1988) found that lactic acid bacteria in fermented sausages rapidly multiply from the very start of the curing process and throughout the duration of the fermentation process their number remains at values of 7-9 log CFU·g -1 , as confirmed even by our analysis, where the LAB for all of the samples ranged at counts of 8-9 log CFU·g -1 . Species of Lactobacillus were isolated from the samples of DFS. By using the method of MALDI-TOF MS, which had already been successfully used for lactobacilli in foods (Dušková et al. 2012) , it was possible to classify these species into three groups according to their metabolism of carbohydrates, i.e., obligately homofermentative (L. farciminis, L. versmoldensis), facultatively heterofermentative (L. plantarum, L. sakei, L. curvatus, L. paracasei, L. alimentarius) and obligately heterofermentative (L. brevis, L. fructivorans). Although the dominant species in European DFS are L. sakei and L. curvatus, it is also possible to isolate other species from the environment of these products (Urso et al. 2006; Drosinos et al. 2007; Lebert et al. 2007; Benito et al. 2008) . If lactobacilli with facultatively heterofermentative metabolism have limited access to glucose, or if there is a change in the concentration of oxygen in the environment, there is reversal fermentation from homo-to heterofermentative. The species L. plantarum, which under anaerobic conditions produces lactic acid, forms an increased amount of acetic acid and acetoin in an aerobic environment (Pot and Tsakalidou 2009) . If environmental conditions change for lactobacilli within a DFS (improper structure of the mix, incorrect gas exchange between the product and the environment, insufficient drying of the product), the lactobacilli may, under normal homofermentative conditions, ferment sugars heterofermentatively. The acetic acid that is created, and possibly other metabolites, then negatively influences the aroma of the products. These unwanted processes occurred in the case of fermentation of the sausage the tested samples came from. The soft consistency indicated improper treatment of the products; it was consistency that did not correspond to the ripening time. The indistinct structure of the cut surface of the sausages also provided evidence of an inappropriate production process. These deviations led to the creation of inappropriate environment in the core of the products and caused a change in the metabolism of the facultatively heterofermentative lactobacilli. As a result, carbohydrates in the mix were converted in the greater part into acetic acid. This lead to a change in taste and, together with the aforementioned imperfections (consistency, structure of the mix), the manufacturer got substandard unsaleable products. The following factors could lead to the changes in sacharide fermentation and to the changes in microbiota of lactic acid bacteria: raw material with high bacterial population, use of starter cultures with low activity, improper structure of the meat mixture within cutting and filling into casings, and inappropriate extrinsic factors within fermentation and ripening.
